Scientific Papers of the Bureau of Standards [Vol. 16 To make the proposed correlation, the microstructure, hard- Iron and Steel Inst., 67, p. 433, 1905; 71, p. 377, 1906. * Yatsevich, Rev. deMet., 15, p. 65; 1918. 6 Mathews, Proc. A. S. T. M., 19, p. 141; 1919. (Fig. 7) and about one-half inch face cubes (Fig. 5 ).
Specimens for micrographs were taken from the ends of the hardened magnetic test pieces.
In hardening, both steels usually cracked when quenched from the region of 1050 C. The cracks followed the contour of the specimens, thus indicating that they were characteristic of the steel and not due to inclusions. The cracking was particularly severe in the case of the low-carbon steel B, photographs of typical samples of which are shown in Fig. 1 (a, b, and The properties of the first group, quenched from temperatures up to about 1100 C, vary in a manner distinct from those of the second group, quenched from above that temperature. Besides the change in slope of the curves, the physical properites of the two groups are affected differently on cooling below ordinary temperatures. Thus the magnetic properties of the specimens quenched from the high temperatures are markedly increased (Fig. 4 , upper curve of shaded area) by immersion in liquid air, while the specimens quenched from the low temperatures remain practically unchanged. This is indicative of a constitutional difference, other than a continuously changing one, between the specimens of the two groups and has an important bearing on the anomalies of high-speed steel. [va. 16 To distinguish between these two groups, specimens quenched from the lower temperature range will be referred to as given the low-temperature treatment, and those from the upoer range as given the high-temperature treatment. A further analogy between carbon and high-speed steel may be seen by comparison of the effect of the quenching temperature on the magnetic properties of high-speed steel (Fig. 4) , with the effect of the same variable on those of a carbon steel (Fig. 6) . The data for the carbon steel were taken from Gebert. Of chief interest is the tempering of specimens given the hightemperature-that is, the most efficient-hardening treatment.
The density curves (Fig. 7) show very markedly a peak between 600 and 700°C, which is parallel to the hardness curves and corresponds to a large increase in volume. This is direct evidence of martensitization, and the magnetic properties offer further con- For a tempering temperature of 700 C (micrograph d) , the structure is that of the first stages of troostite (of tempering) , and for a temperature of 8oo°C (Fig. 1 7, a) it is that of sorbite, the structure here being practically identical for all quenching temperatures and similar to that of the annealed steel. From the relations pointed out in a previous paper 10 between the heat evolution (Ac t) observed on heating hardened carbon steels and the accompanying changes in physical properties and microstructure, it might be supposed that similar relations exist for the high-speed steel. Heating curves were, therefore, taken (Fig. 18 ) of steel A, quenched from three temperatures. The inverse-rate method was used, and the thermal characteristics noted on the curves are given in Table 2 . There is evidence of a slight heat evolution (Ac t) between 600 and 68o°C, but it is not sufficiently intense to allow of any positive conclusions. This is probably due to the rather limited solubility of the carbide in the matrix and the sluggishness of its precipitation, the rapid heating rate required by thermal analysis allowing insufficient time for its consummation (note the loss in intensity of Acj with increased quenching temperature) [Vol. 16°c Washington, April 27, 1920. 
